The purpose of the present study was to evaluate the effect of four silane coupling agents on the bond strength between two resin-modified glass ionomer cements and a machinable leucite glass ceramic. Ceramic specimens were ground with silicon carbide paper and cleaned with phosphoric acid. They were then conditioned and bonded with combinations of four silane coupling agents (GC Ceramic Primer, Clapearl Bonding Agent, Clearfil Mega Bond Porcelain Bonding Kit, and RelyX Ceramic Primer) and two resin-modified glass ionomer cements (Fuji Luting S and Fuji Lute). Shear bond strength was determined after 24-hour immersion in water or after thermocycling of 50,000 cycles. The results showed that every silane coupling agent significantly improved the bond strength. It was thus recommended that resin-modified glass ionomer cement be applied in conjunction with silane coupling agent when luting ceramic restorations.
INTRODUCTION
With the advent of computer-aided design and manufacturing (CAD/CAM) systems, the use of ceramic restorations has become a useful option to satisfy patients who desire esthetic dental treatment 1) . Compared to conventional sintering porcelain, CAD/CAM restorations boast of an upperhand advantage: the microstructure of ceramic materials does not undesirably change during the fabrication of restorations.
Adhesive bonding between luting materials and the ceramic is essential for restoration retention, stress distribution, and prevention of crack initiation 2) . Surface modification with silane coupler such as 3-trimethoxysilylpropyl methacrylate (γ -MPTS ) has been shown to promote adhesive bonding between resin and some ceramic materials [3] [4] [5] . Similarly, the authors have previously reported that the bond strength between a resin cement and a machinable ceramic was improved with some commercially available silane coupling agents 6) . Owing to their easy handling and clinically acceptable physical properties 7, 8) , clinicians often use resin-modified glass ionomer cements (RMGICs). However, limited information is available on their ceramic bonding properties 9) . In order for all-ceramic restorations to function successfully in the oral cavity, reliable adhesive bonding between RMGIC and the ceramic is mandatory. Therefore, the purpose of the present study was to compare the effect of four silane coupling agents with respect to the bond strength between RMGIC and a machinable ceramic. The hypothesis of the present study was that silanization would increase the bond strength.
MATERIALS AND METHODS

Specimen preparation
The silane coupling agents and cements used are listed in Table 1 . The pH values were measured using a pH meter (F-21, Horiba Ltd., Kyoto Japan) without mixing the silane coupling agent or cement components.
Two ceramic specimens, a rectangular disk (10× 8×2.5 mm) and a round disk ( 6×2.5 mm), were prepared with GN-I ceramic block (GC Corp., Tokyo, Japan). GN-I ceramic block is a machinable silicon oxide-based ceramic composed of crystalline leucite phase (K2O･Al2O3･4SiO2). The ceramic surface was ground with ＃1,200 silicon carbide paper and cleaned ultrasonically in 99.5％ acetone for five minutes. The surface was treated with 40％ phosphoric acid gel (Kuraray Medical Co. Ltd., Osaka, Japan) for five seconds, rinsed with water, and then air-dried. A piece of polyethylene tape with a circular hole of 4 mm in diameter was positioned on the surface of the rectangular disk specimen to define the bonding area and to control the cement thickness at 50 μm. The silane coupling agent was then applied to the bonding area, and the ceramic specimens were bonded with the cement according to the manufacturer's directions.
A total of 100 bonded specimens were fabricated and randomly assigned to 20 test groups of five samples each. At 30 minutes after bonding, each group was divided into two subgroups, with and without thermocycling. Fifty specimens were stored in water at 37℃ for 24 hours, followed by 50,000 thermocycles between water baths held at 4℃ and 60℃ by means of a thermocycling apparatus (RikaKogyo, Hachioji, Japan) with a dwelling time of one Silane coupler and RMGIC for CAD/CAM ceramic adhesion 240
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